As reported previously, L-tryptophanproducing mutants of Brevibacterium flavum selected by resistance to tryptophan analogs such as 5-fluorotryptophan, were less sensitive to the feedback inhibition of anthranilate synthase, the first enzyme in the tryptophanspecific biosynthetic pathway, and to the repression of the enzyme synthesis.1>2) Since ltryptophan production by these mutants increased in parallel with a decrease of sensitivity to the feedback inhibition of anthranilate synthase,2) the rate-limiting step of the tryptophan production in these mutants seems to be still the anthranilate synthase reaction. Therefore, an increase of anthranilate synthase activity may promote the tryptophan production. This paper deals with derivation of mutants resistant to a substrate analog of anthranilate synthase, azaserine, and having higher tryptophan-productivity, and also with properties of the mutants obtained.
MATERIALS AND METHODS

Organism.
The 5-fluorotryptophan-resistant, ltryptophan-producing mutant of Brevibacterium flavum,
No. 187,7) derived from strain No. 239, which was resistant to /7-fluorophenylalanine and required tyrosine and methionine for growth, was used for derivation of mutants. Strain No. 2247 (ATCC 14067) was the wild-type strain of B.flavum.
Chemicals. L-Azaserine, erythrose-4-phosphate and l-[methylene-14CJ-tryptophan were purchased from Calbiochem-Boehring Corp, Sigma Chemical Co., and The Radiochemical Centre, Amersham, respectively. Sources of the other chemicals used were as described previously.7)
Derivation of azaserine-resistant mutants. Mutant No. 187 grown for 16hr in Medium 78) supplemented with 200 mg/liter of L-tyrosine and 200 mg/liter of L-methionine was harvested and washed once with 10ml of0.1 m sodium phosphate buffer, pH 7.0. Then, it was treated with 250 \i%j ml of N-methy\-N '-nitro-TV-nitrosoguanidine at 30°C for 15 min to give 1.5% survivors. The surviving cells were spread on Medium 307) agar plates containing 500 to 1200/ig/ml of L-azaserine (about 3 x lO6 cells/plate). Colonies appearing during 8 days' incubation were picked up as azaserine-resistant mutants.
Production of L-tryptophan. Strains were aerobically cultured in 500 ml-flasks or test tubes containing 20 or 3 ml of Medium 31,7) respectively, at 30°C for 72hr. lTryptophan and indole-3-glycerol accumulated were determined by the methods described previously.1>7) Anthranilate synthase was purified from the supernatant solution by the method described previously.7) Crude enzymeextracts used in Table I were prepared by the method described previously2) from cells cultured as above.
Assay methods. Methods for the measurement of anthranilate synthase,9) anthranilate phosphoribosyltransferase,10) indole-3-glycerol phosphate synthase,10) tryptophan synthase-B10) and DAHPsynthase11} activities were described previously. Protein was determined by the method of Lowry et al.12) The tryptophan transport system was assayed by a modification of the method described previously.13)
Strains were cultured in Medium 31 at 30°C for 40hr. After the washed cells were incubated at 30°C for 2.5 min under the previous conditions except that 0.1him l-
[methylene-14C]-tryptophan (3.2 x 107 cpm/^mol) was added to the reaction mixture instead of threonine and NaCl, they were placed on a membrane filter (Toyo TM-2 with a pore size of0.45/mi) and washed 8 times with 1 ml of cold 0.01 MTris-HCl buffer, pH 7.5. Radioactivity of the dried cells was measured with a liquid scintillation counter using toluene containing 4mg/ml of Omnifluor (New England Nuclear).
RESULTS
Derivation of azaserine-resistant mutants from
L-tryptophan-producing strain No. 187 As shown in Fig and their L-tryptophan production was examined by cultivation in test tubes. Out of 332 azaserine-resistant mutants obtained, 39 strains showed higher tryptophan productivity than that of the parent strain, No. 187. The maximum production was 10.3 g/liter of L-tryptophan shown by strain A-100, when cultured in flasks. In the second experiment, 38 out of 301 mutants showed higher productivity than that of the parent, indicating that the results of the first experiment were reproducible.
Furthermore, as shown in Fig. 2 , mutants showing higher productivity were obtained at the highest frequency (26 out of 82 strains) from agar plates containing 1200/ig/ml of lazaserine. The best producer in the second experiment, strain A-274, accumulated 9.7 g/ liter of L-tryptophan in a flask culture. Growth of strain A-100 was resistant to azaserine, as shown in Fig. 1 . The growth was inhibited only 45% by 500 /ig/ml of L-azaserine which caused more than 90% inhibition of growth of the parent. As in the parent strain No. 187,7) strains A-100 and A-274 accumulated 3.2 and 3.8 g/liter of indole-3-glycerol in addition to tryptophan. Addition of 5 g/liter of L-serine increased the L-tryptophan production of strain A-274 to 1.1.4g/liter in a flask culture.
Tryptophan biosynthetic enzymes and transport system in azaserine-resistant mutant Specific activities of enzymes of the tryptophan-specific biosynthetic pathway in strains A-100, No. 187 and No. 239,7) the parent strain of No. 187, are shown in Table I . Strain No. 187 had been selected by 5-fluorotryptophan-resistance, and the sensitivity of its anthranilate synthase to the feedback inhibition had decreased to 1/725 of that of the parent, as described in the separate paper.7) Furthermore, as shown in Table I, specific  activities of its tryptophan-biosynthetic enzymes were 14 to 65-fold higher than those of the parent, indicating their genetic derepression. In strain A-100, anthranilate synthase increased about 2-fold compared to that of strain No. 187, whereas activities of the other enzymes were almost the same as those of the parent. The tryptophan concentration giving 50% inhibition of anthranilate synthase was estimated using the crude enzyme under the standard assay conditions (concentrations of chorismate and glutamine were 0.1 and 5.0mM, respectively) to be 1.6mM, a similar value to that in strain No. 187, 2.9niM.7) In addition, the specific activity of DAHP synthase, the first enzymeof aromatic amino acid biosynthesis, was 43 nmol/min/mg protein, a 2.7-fold higher value than that of strain No. 187. Furthermore, as shown in Fig. 3 , the enzymewas less sensitive to the synergistic feedback inhibition by phenylalanine and tyrosine than that of strain No. 187, and was inhibited only 40% by 1 mMphenylalanine plus 1 mMtyrosine which caused maximuminhibition of DAHP synthase in the parent. Phenylalanine and tyrosine concentrations giving 50% inhibition ofDAHP synthase in strain No. 187 were estimated to be 0.063mM each, similar to the concentration in wild strain No. 2247, 0.047mM. Tryptophan transport systems in strains A-100 and No. 187 were examined by measuring incorporation of 14C-tryptophan into the cells. Double reciprocal plots of the rate of tryptophan incorporation against tryptophan concentration gave straight lines for both the strains. The Michaelis constant for ltryptophan and maximumvelocity of the tryptophan uptake were estimated to be 0.083 mM and 3360 cpm/min/mg cell (dry weight) in strain A-100, and 0.040mM and 2690 cpm/ min/mg cell (dry weight) in strain No. 187, respectively. These values indicate that the tryptophan transport system in strain A-100 was not altered by the mutation.
Effect of azaserine on anthranilate synthase activity Anthranilate synthase, the only enzyme catalyzing the reaction related to glutamine as a substrate in the tryptophan-biosynthetic pathway, was examined for the effect of azaserine, using the enzyme preparation7) purified about 400-fold over the sonic extract of wild strain No. 2247. As shown in Fig. 4 , purified anthranilate synthase from strain No. 187 was In the present study, mutants derived from strain No. 187 were selected by resistance to azaserine and by tryptophan productivity. Strain A-100 thus obtained accumulated 10.3 g/liter of L-tryptophan and had about a 2-fold higher level of anthranilate synthase. As described above, since the anthranilate synthase reaction was suggested to be the ratelimiting step of the tryptophan production by 5-fluorotryptophan-resistant mutants,2) the increase of the tryptophan productivity in the azaserine-resistant mutant, A-100, seems to be caused by the increase of anthranilate synthase level. Azaserine is known to be an analog of glutamine, which is a substrate of anthranilate synthase. In fact, it was confirmed with a 400-fold purified enzyme preparation that azaserine strongly inhibited anthranilate synthase.
Mutants having improved amino acid productivity with increased enzyme levels have already been selected by resistance to respective substrate analogs. For example, in breeding of isoleucine-producing mutants of B. flavum, mutants selected by resistance to Omethylthreonine, a substrate analog of threonine dehydratase, had a 2-fold higher level of the enzyme and showed 1.3-fold higher productivity of isoleucine than the parent did.6) Sensitivity of threonine dehydratase to the feedback inhibition was not altered in the mutants.
In addition to the increase of anthranilate synthase activity, an increase of activity of DAHPsynthase, the first commonenzyme for aromatic amino acid biosynthesis, as well as a decrease of its sensitivity to the feedback inhibition by phenylalanine and tyrosine were found in strain A-100. These alterations of DAHPsynthase may stimulate the supply of chorismate which, in turn, relieves anthranilate synthase activity not only from the azaserine inhibition almost competitively, but also from the tryptophan inhibition competitively. Therefore, it is probable that both the growth resistance and improved productivity of strain A-100 result from these mutational alterations of DAHPsynthase as well as from elevation of anthranilate synthase activity. In Escherichia coli, mutants related to the transport system for aromatic amino acids were selected by resistance to azaserine.14)
However,this was not the case here, because the tryptophan transport system in strain A-100 was similar as that in strain No. 187.
